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RESEARCH MEMORANDUM

ALTTTUDE-WIND-TURNEL INVESTIGATION OF FPERFORMANCE AND
WIODMITLING DRAG CHARACTERTISTICS OF WESTINGHOUSE
X24C-4B AXTAL-FLOW TURBOJET ENGINE
By Carl I.. Meyer and Harry E. Bloomer

SUMMARY

An investigation has been conducted in the NACA Cleveland altl-
tude wind tumnel to evaluate the performance and windmilling dreg
characteristica of an original and & modified turbolet engine of the
same type. Deta have been obtained at simulbted altitudes from 5000
to 45,000 feet, simulated flight Mach numbers from 0.09 to 1.08, and
engine speeds from 4000 to 12,500 rpm. IEngine performence data are
presented foxr both engines to show the effects of altitude at &
f£light Mach number of 0.25 and of flight Mach number at an altitude .
of 25,000 feet. Performence of the original and modified englnes 1s
compered for a range of simulated fllght conditlions. The pexrformance
data are generalized to show the applicabllity of methods used to
estimate performance at any altltude from date obtained at a given
altitude. Engine-windmilling-speed and windmilling-drag data are
presented for a range of simuleted £light conditions.

Performance varlables depending upon fuel consumption that are
obtained from data at one altltude camnot 'be used t0 predict these
varishles at other altliudes; however, thrufit and air-flow values
can be predicted for a limited range of altltudes from date taken at
one altitude. The exhausi-nozzle-outlet total temperature increased
at high engine speeds as the altitude was ralsed, and decreased st
all engline speeds as the flight Mach number was increased for a
limited range of flight Mach numbers. At engine speeds greater than
10,000 rpm, the specific fuel consumptlon based on net thrust was
not appreclebly affected by changes in altltude from 5000 to
35,000 feet, but was markedly increased by a further increasse In

r altitude to 45,000 feet, In general, the specific fuel consumpiion
based on net thrust increased as the £light Mach number was Iincreased.
The net thrust at maximum engine speed for the modified engine was

~ 3 to 20 percent greater than that of the original engine; the ape-
cific fuel consumption based on net thrust at meximm engine speed
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2 NACA RM No. E8J25a

was comparable for the two engines. For an airspeed of 500 mlles
per hour at an altitude of 25,000 feet, the windmilling drag was
approximately equal to 1l percent of the maximm net thrust at that
flight condition.

INTRODUCTION

An Investigation was conducted in the RACA Cleveland altitude
wind tumnel from Merch to August 1947 +o evaluate the performence
characteristics of en originsl and a modified turbojet engine of the
seme type. The mein components of the engines were simlilar except
that the modified engine included changes mede by the menufacturer
to improve velocity and temperature distributions within the engline.
Data have been obtained for a range of simtlated 2ltitudes and flight
Mach mumbers throughout the operable range of englne speeds. ZIExten-
slve Instrumentetion was installed in the engines to obtaln detaliled
information on the individual components of the englnes, as well as
over-all engine performence. The operational characteristice are
presented in reference 1.

Engine performence deta are presented herein to show the effects
of altitude at a flight Mach number of 0.25 and of flight Mach number
at an altitude of 25,000 feet. Performence of the original and
modified englnes 1s compared for a rangs of simidated flight condi-
tions. The applicablility of methods used to generalize the date in
ordexr to estimete the performance at various altitudes from perform-
ance date obtained at a given altitude 1s discussed. Data are also
vresented to show the effects of altitude and airspeed on engine
windmilling epeed and windmilling drag.

DESCRIPTION OF ENGIRE

The turbojet engine used in the aliitude~-wind-tummel investigation
is an early experimental Westinghouse 24C engine heving a sea-level
gtatlc thrust rating of 3000 pourils at an engine speed of 12,500 rpm.
At this rating, the air flow is approximately 58.5 pounds per second
and the fuel consumption 1s 3200 pounds per hour. The engine has an
ll-stage axlal~flow compressor with a pressure ratio of approximetely
3.8 at rated engine speed, a double-anmulus combustion chamber, a
two-stage turbine, and a fixed-ares exhaust nozzle. The over-all

length of the engine is 1:!.9l inches, the meximm diameter is 28—35 inches,

and the total weight is 1158 pounds. 'The modified engine was similar
to the original engine except for minor chenges mede by the menufac-
turer in the compressor and the combustion chanber.
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Alr enters the engine through an anmuler inlet and passes into
the compressor through e single row of inlet gulde vanes. The com-
rressors of the original and modified engines were similer with the
exception of the eleventh-gstage rotor blading. For the modified
engine, the loading on the eleventh-stage rotor blades was reduced
in order to obteln a more nearly uniform velocity dlistribution at
the compressor outlet. This reduced losding was accomplished by
twisting the blades, in the direction of reduced angle of atiack,
3° at the midspan and 6° at the tip.

After belng compressed, the alr is dlascharged from the com=-
pressor through two rows of stralghtening vanes and an amuler 4if-
fuser into the double-amnulus comwbustion chember. Fuel is injected
into the two snmmuli of the combusitlon chamber from two concentric
fuel manifolds. There are 36 fuel nozzles in the ocuter manlifold
ring and 24 in the immer manifold ring. 'me fuel nozzles for the
original engine had a rated capacity of 7— ga.'L'Lons per hour at a
differential pressure of 100 pounds per sq_ua.re inch, as compared
with 7 gallons per hour for the modified engine. The fuel used
throughout the investigation conformed to specification AN-F-28,
Amsndment 3. Alr entering the combustion chamber is divided into
three annmular streams by the two concentric fuel manifolds. For
the original engine, a screen having 60-percent blocking arsa was
installed In the outer enmular alr stream and one of 40-percent
blocking arese was installed in the intermediate anmiler air stream.
For the modified engine, these screens were replaced by two screens
of 30-percent blocking aresa.

The double-anmlus corbustlon chamber is of the gbep Fype.
Steps 1 and 2 admit primary ailr through smell circular wall per-
forations. For the original engine, secondary alr entered the
conbustion charber through rows of circular holes in steps 3 and 4.
For the modified engine, secondary air entered the combustion chamber
through a single row of large rectangulaxr holes in step 3. The
total ares of the combustion-chamber-wall perforations was the same
for the originel and modified englnes.

Gases from the combustion chamber flow through the two-stage
‘turbine into the tall plpe and exhaust through a flxed-area exhaust
nozzle. Each turbine stage consists of a stator and a rotor. The
turbine rotor assembly includes the shaft and the first- and
second-stage disks.
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As a result of the various changes included in the modified
engine, the manufaciurer ralsed the allowable operating temperature
limit for this engine. The maximum temperature, as indicated by
any thermocouple at the turbine outlet, was limited to 1250° ¥ for
the original engine as compared with 1400° F for the modified engine.
The englne modiflcations and the revised temperature limit permitted
a reduction 1ln exhaust-nozzle~outlet area from 183 square inches
for the original engine to 171 square inches for the modified engine.

INSTALLATION AND FROCEDURE

The engines were installed in a wing nacelle in the test sec-
tion of the altitude wind tumnel (fig. 1l). For this installation,
an extended inlet duct S feet long and an extended tall pipe 3 feet
long were used. Cowling was eliminated from around the engine.
Instrumentation was installed at several stations in the engine
(fig. 2). The instrumentation installed in the original and modi-
fled engines was the same except at the turbime outlet, where addi-
tional thermocouples were installed for the modified engine to give
a more complete temperature survey.

Inlet pressures corresponding to the desired flight Mach num-
bers were obtained by introducing dry refrigerated air from the
tunnel make-up alr system through a duct to the engine inlet. This
alr was throttled frdim spproximately sea-level preasure to the
desired total pressure at the compressor inlet; the static pressure
in the wind-tummel test sectlon was maintained at the pressure
corresponding to the desired altitude, The duct from the tunnel
make-up alr system was attached to the engine inlet duct by means
of a sllp Jjoint with a labyrinth seal in order that drag and thruat
values could be determined by use of the tunnel balance scales.

Engine performance data were obtailned at simulated altltudes
from 5000 to 45,000 feet, simulated flight Mach numbers from 0.09
to 1.08, and engine speeds fram idling speed (4000 rpm) to rated
speed (12,500 rpm). The compressor-inlet air temperatures were
held at approximately NACA standard values corresponding to the
gimulated flight conditions, except at high altitudes and low
flight Mach nmumbers; no inlet-elr temperatures below 440° R were
obtained. A%t the high altitudes, the maximm engine apeed was
limlted by the turbine-outlet temperature and minimum engine speed
wasg limlted by combustion blow-out.

Thrust was determined by calculation from tunnel balance-scale
measurements and also by calculation from pressure end temperature

928
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measurements obtained at the exhaust-nozzle outlet (station 8).
Power-off drag runs were made In order to correct the balance-~scale
measurements for extermnal-drag forces. The wvalues of thrust pre-
gsented herelin were obtalned from measurements made with the tunnel
balance scales. Ailr flow was calculated from pressure and tempera-
ture measurements obtained at the engine inlet (station 1). Com-
plete ram-pressure recovery was assumed at the compressor inlet in
the calculation of equivalent airspeed and flight Mach number. The
syubols end the methods of calculation used in this report are pre-
gented in the appendix,

RESULTS AND DISCUSSION

Because no inlet-air tempersatures below 440° R were cbtained,
the equlvalent amblent static temperatures were conslderably sbove
the standard values &t high altitudes and low £flight Mach numbers.
The various altitude performance data presented in this report have
been corrected to the standard altitude temperatures by use of the
factor 6,5, the ratio of absolute amblent static temperature to
absolute amblent statlc temperature of NHACA standard atmosphere at
the respective altitude. Performance deta corrected by this method
may be scmewhat dlfferent from data obiained under actual conditions
because of the effect of Reynolds number on ¢conpressor performance.

An exeminatlon of the data has shown that the average ratlo of
the Jet thrust calculated from tunnel balance-scale measurements to
the Jet thrust calculated from temperaiture and pressure measurements
obtained at the exhauat-nozzle outlet was 0,987 for the original
engine and 0.976 for the modified engine. The values of thrust pre-
gented in this report were calculated from balance-scale measure-
ments except for those lnstances where the aforementioned Jet-thrust
ratio deviated considerably from the respective average ratio,
Where this deviation was encountered, the specific fuel comsumption
based on balance-scale measurements of net thrust was inconslstent
and, therefore, the Jet thrust was taken as the product of the Jot-
thrust ratio and the Jet thrust calculated from measurements at the
exhaust-nozzle outlet., Net thrust, presented in the followlng
discussion, was determined by subtracting the inltial free-siream
momentum of the lnlet air from the Jet thrust.

Engine Performance

Effect of altitude, - Performance data obtained with both engines
at a constant flight Mach number of 0.26 at altitudes from 5000 to
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45,000 feet are presented to show the effect of altlitude on the
variation with engine speed of net thrust (fig. 3), air flow

(fig. 4), fuel consumption (fig. 5), specific fuel consumption based
on net thrust (fig. 6), fuel-air ratio (fig. 7), and exhaust-nozzle-
outlet total temperature (fig. 8). The trends of the performance
date for the original and modified engines are similar,

At engine speeds greater than 10,000 rpm, the specific fuel
consumption based on net thrust (fig. 6) was not appreciably
affected by changes in altitude from 5000 to 35,000 feet, but was
markedly Increased when the altltude was further ralsed to
45,000 feet., Fusl-alr ratio (fig. 7) increased as the altitude was
ralsed; the increase 1n fuel-alr ratio became more pronounced at
high altitudea. The minimum fuel-ailr ratio at each altitude
occurred at an englne speed between 9000 and 10,000 rpm,

The average total temperature measured at the exhaust-nozzle
outlet Increased at high engline speeds as the altlitude was ralsed
(fig. 8). TFor engine speeds below approximately 10,500 rpm,
increasing the altltude to 25,000 feet decreased the exhaust-
nozzle-outlet total temperature. Increasing the altitude from
25,000 to 35,000 feet decreased the temperature at engine speeds
below 10,000 rpm for the original englne and at engine speeds
between 8000 and 9500 rpm for the modified engine. A further
increase in altltude to 45,000 feet increased the temperature at
all engine speeds.

Effect of flight Mach number., - Performence data obtained with
both englnes at an altitude of 25,000 feet and flight Mech numbers
from 0.25 to 1.08 are presented to show the effect of flight Mach
number on the variation with engine speed of net thrust (fig. 9), air
flow (fig. 10), fuel consumption (fig. 1ll), specific fuel consumption
based on net thrust (fig. 12), fuel-air ratio (fig. 13), and exhaust-
nozzle-outlet total temperature (fig. 14). In general, the perform-
ence trends of the original and modifled englnes are similar.

Relsing the flight Mech number from 0.25 to 0.53 decreased
the net thrust (fig. 9) throughout the entire range of englne speeds,
As the flight Mach number was Increased beyond 0.53, the net thrust
decreased at low engine speeds and increased at high engine speeds,

As the flight Mach number was raeised, the fuel consumption
(fig. 11) decreased at low engine speeds and increased at high engine
speeds. For the original engine, the specific fuel consumption based
on net thrust (fig. 12(a)) increased at all engine speeds as the
flight Mach number was raised to 0,98, but was unaffected by a

928
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further increase in flight Mach number to 1.08. For the modified
engine, the specific fuel consumption based on net thrust (fig. 12(b))
increased at all engine speeds as the flight Mach number was
Increased to 1.08. For the original engine, raising the flight Mach
number reduced the fuel-air retio (fig. 13(a)) throughout the range
of engine speeds. For the modifled engine, raising the f£light Mach
number to 0.87 reduced the fuel-alr ratio throughout the range of
engine speeds; however, a further increase in flight Mach number to
1.08 resulted in increased fuel-eir ratios at high englne speeds.

At all engine speeds, for the original engine, the exhaust-
nozzle-outlet total temperature (fig. l4(a)) was reduced as the £light
Mach number was increased to 0.88, but was not sppreclably affected
by further increasing the flight Mach number to 1.08. For the modi-
fied englne, the exhaust-nozzle-outlet total temperature (fig. 14(b))
was reduced at all engline speeds as the flight Mach nmumber was
ralsed to 0.73; at high engline speeds, however, the temperature was
not appreclably affected as the flight Mach number was Inoreased
from 0.73 to 0.87, but was lncreased by & further lncrease in flight
Mach number to 1.08.

Comparison of engines., - Meximum engine speed was eithexr the
rated engine speed of 12,500 rpm or & temperature-limited engine
speed. that was lesa than 12,500 rpm. The instrumentation installed
at the turbine ocutlet was different for the two englines; 25 thermo-
couples were used in determining the average turbine-outlet temper-
ature for the original engine as compared with 49 thermocouples for
the modifled engine. The measured turbine-outlet temperatures of
the original englne are considered to be lower than the actual tem-
peratures., For the purposes of thls report, however, the
temperature~limlited engine speed of the original engine is defined
ag that englne speed at which the average turbine-outlet indicated
temperature was 1520° R, For the modified engine, the temperature-
limited engline speed is deflned as that engine gpeed. at which the
average turbine-inlet total temperature is 1885- R. These average-
temperature limits correspond approximately te the maximm turbins-
outlet temperature limlts used when the englnes were in operation.

The performance of the original engine is compered with that
of the modified engine on the basis of the verlation of net thrust
(fig. 15) and of specific fuel consumption based on net thrust
(f1ig. 16) with airspeed at maximm engine speed. The date of these
figures were obtained from figures 3, 6, 2, and 12, ani from similer
additional figures. The maximm engine speed was 12,500 rpm at
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altitudes of 5000 and 15,000 feet for the range of alrapeeds inves-
tigated and at an altitude of 25,000 feet for airaspeeds greater than
approximately 365 miles per hour for the original engine and

420 miles per hour for the modified engine. At the lower airspeeds
at an altitude of 25,000 feet and for the range of alrspeeds inves-
tigated at altitudes of 35,000 and 45,000 feet, however, the meximum
engine speed was a temperature-limited engine speed less than

12,500 rpm.

For the range of eirspeeds investigated, the net thrust at max-
imum englne speed of the modified engine (fig. 15) was greater than
that of the original engine by 7 to 20 percent at an altitude of
15,000 feet, 5 to 14 percent at an altitude of 25,000 feet, approx-
imately 6 percent at an altitude of 35,000 feet, and 3 to 19 percent
at an altitude of 45,000 feet. As the alrspeed was increased
within the range 1mrestigated, the difference between the net thrust
at maximum engine speed of the modified engline and that of the
original engine increased at altitudes of 15,000 and 25,000 feet,
was essentially unaffected at an altitude of 35,000 feet, and
decreased at an altitude of 45,000 feet.

For the range of airspeeds investigated, the specific fuel
consumptlon based on net thrust for the modified engine at maximum
engine speed (fig. 16) was equal to or less than that for the
original engine except at equivalent alrspeeds greater than
600 miles per hour at an altitude of 25,000 feet and 275 miles per
hour at an altitude of 35,000 feet. In most cases, however, the
gpecific fuel consumption based on net thrust for the modified
englne at maximm engine speed. was within 2 percent of that for

the original engine.

Generalized Performance

The altitude performance date presented in figures 3 to 8 have
been generalized to standard sea-level conditions by use of the
factors 3 and 6. The generalized performance data are presented
in figures 17 through 22. The concept of flow similarity and the
application of dimensional analysis has led to the development of
these factors with which data obtained at several altitudes may be
generslized, In the development of this method of generalization,
the efficiencies of the engine components were considered to be
uneffected by changes in altitude. Any changes ln component effi-
ciencles therefore lessen the possiblility of gemeralizing data
obteined at different altitudes to a single curve.
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Data obtalned with both engines at a constant fiight Mech num-
ber of 0.25 at altitudes from 5000 to 45,000 feet are compared to
ghow the effect of 2ltitude on the corrected wvalues of net thrust
(fig. 17), air flow (fig. 18), fuel consumption {fig. 19), specific
fuel consumption based on net thrust (fig. 20), fuel-air ratio
(fig. 21), and exhaust-nozzle-outlet totsl temperature (fig. 22).

Net-thrust date (fig. 17) gemerslized to a single curve at
altitudes up to 25,000 feet for the range of corrected engine speeds
and at all altitudes at low corrected eniine speeds. At high cor-
rected engine speeds, however, the corrected net thrust increased
as the altitude wae raised above 25,000 feet. The alr-Tflow date
(fig. 18) generallzed to a single curve for all englne speeds at
altitudes up to 15,000 feet for the original engine and at altitudes
up to 25,000 feet for the modified engine; further lncreases in
altitude reduced the corrected air flow at all corrected engine
speeds.

Corrected fuel consumption (fig. 19), corrected specific fuel
consumption bagsed on net thrust (fig. 20), corrected fuel-air
ratio (fig. 21), and corrected exhaust-nozzle-outlet total tempera-
ture (fig. 22) increased markedly as the altitude was raised.

Turbine, compressor, and combustlion efficiencies decreased
over most of the operating range of engine speeds as the altitude
was raised. Because of the effect of altitude on compressor and
turbine efficlencles, higher corrected temperstures within the
englne were required as the alitltude was raised; the increase in
corrected tempersture as the altltude was ralsed is shown in fig-
ure 22. Increased corrected temperatures and corrected pressures
wlthin the engine caused the corrected net thrust to increase at
high corrected engine speeds as the alititude was raised above
25,000 feet. The decreased cormonent and combustion efficlencies,
as the altitude was reised, resulted in increased corrected fuel
consumption and, consegquently, increased corrected fuel-slr ratios
and corrected specific fuel consumption based on net thrust. The
stanfard temperatures at altitude were not exactly simmlated in the
investigation, which may have had some effect on the measured values
of specific fuel consumption.

Performance veriaebles depending upon fuel consumption that are
obtalned from data at one altitude cannot be used to predict these
varlaebles at other altitudes. Thrust and alr-flow values, however,
cen be predicted for a limited range of altitudes from data obbtained
at one altitude.
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Windmilling Dreg

The variation of engine windmilling speed and windmilling drag
with airspeed at altitudes from 5000 to 45,000 feet is shown in
figure 23. The windmilling englne speed is essentlally unaffected
by changes in altitude and varied almost llnearly with alraspeed.
Windmilling drag, in general, increased as the alrspeed was Ilncreased
and. decreased as the altitude was ralsed. The windmilling engine

speed and drag of the two engines are comparable.

The variation of the ratic of windmilling drag to net thrust
at maximum engine speed with airspeed at an altitude of 25,000 feet
is shown in figure 24. The data of this figure were ohtained from
figures 15 and 23. An examination of the date from other altltudes
has shown that the ratio of windmilling drag to net thrust at max-
imum engine speed is not appreclably affected by changes in altl-
tude within the range of alrspeeds investigated. The windmilling
drag is approximately equal to 1 percent of the net thrust ab
maximum engine speed for an ailrspeed of 200 miles per hour and
increases to 11 percent at an alrspeed of 500 miles per howr.

SUMMARY OF RESULIS

An investigation of the performence of two turboJet englnes
of the same type in the Cleveland altlitude wind tunnel at altltudes
fram S000 to 45,000 feet and flight Mech numbers from 0.0°9 to 1.08
gave the followlng results:

l. Performance variables depending upon fuel consumption that
are obtalned from data at one altitude cannot be used to predict
these varlables at other altitudes; however, thrust and alir-flow
values can be predicted for a limlited range of altitudes from data
taken at one altitude.

2. Increasing the altitude ralsed the exhaust-nozzle-outlet
total temperature at high englne speeds for both engines. For the
original engine, the exhaust-nozzle-ocutlet total temperature was
lowered at all englne speeds by increases in flight Mach number to
0.98 and was unaffected by a further increase in flight Mach num-
ber to 1.08, For the modified englne, the exhaust-nozzle-cutlet
total temperature was lowered at all engline speeds by lncreases in
flight Mach nwmber to 0.73; however, et high englne speeds the
temperature was not appreclably affected as the flight Mach number
was 1ncreesed from 0.73 to 0.87 and was ralsed by a further increase
in flight Mach mumber to 1.08.
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3. At englne speeds greater than 10,000 rpm, specific fuel con-
sumption based on net thrust was not appreciebly affected when the
altitude was ralsed from S000 to 35,000 feet, but was merkedly
Increased when the altitude was further raised to 45,000 feet.

The standard temperatures at altitude were not exactly similated in
the investigation, which may have had some effect on the measured
values of specific fuel consumption.

4. In gensral, the specific fuel consumption based on net
‘thrust increased as the flight Mach mumber was ralsed.

S. A comparison of original- and modlified~engine performance
data showed that the net thrust of the modified engline at maximmm
engine speed was 3 to 20 percent greater than that of the original
engine. In most cases, the specific fuel consumption based on net
thrust for the modlfled engine at maximm engine speed was within
2 percent of that for the original englne.

6. The windmilling engine speed and drag of the two engines
are comparable. At an altitude of 25,000 feet, the windmilling
drag is approximately equal to 1 percent of the net thrust at max-
Imm englne speed at an alrspeed of 200 miles per hour as compared
with 11 percent at an airspeed of 500 miles per hour.

Tewls Flight Propulslon Iaboratory,
Natlonal Advisory Committee for Aeronautics,
Cleveland, Chio.
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APPENDIX - CAILCULATIORS
Symbols
The followlng symbols are used in thls report:
crogs-sectional area, sq £t
thrust-scale reading, 1b
specific heat of gas at constant pressure, Btu/(1b)(°R)
external drag of installation, 1lb
windmilling drag, 1b
Jot thrust, 1b
net thrust, 1b
fuel-alr ratio
acceleration of gravity, 32.2 ft/sec?
mechanical equivalent of heat, 778 f£t-1b/Btu
flight Mach number
engine speed, rpm
total pressure, lb/sq £t absolute
static pressure, lb/sq ft absolute
gas constant, 53.3 £t-1b/(1b)(°R)
total temperature, R
indicated temperature, °R
static temperature, °R
velocity, £t/sec

air flow, lb/sec

826
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Subscripts:
0

x
1
2
8
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fuel consumption, 1b/hr

specific fuel consumption based on net thrust,
1b/(hr)(1b thrust)

ratio of specific heats

ratio of absolute amblent statlc pressuwre to absolute
static pressure of NACA standard atmosphere at sea
level

ratio of absolute amblent static temperature to absolute

statlic temperature of NACA standerd atmosphere at ses
level

free air stream

engine-inlet duct at slip Joint
engine inlet

compressor inlet

exhaust-nozzle outlet

The date are generallzed to NACA standard sea-level conditlons
by the followling parameters:

Fn/o

(£/a) /o
N/+6
T/
(Wgv6) /5
We/(54/6)
We/(Fn4/6)

corrected net thrust, 1b

corrected fuel-air ratio

corrected englne speed, rpm

corrected exhaust-nozzle-outlet total temperature, °R
corrected air flow, lb/sec

corrected fuel consumption, 1b/hr

corrected sPeGific fuel consumption based on net thrust,
1b/(hr)(1b thrust)
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Methods of Calculation

Thrust. - Thrust was determined by calculation from: (1) tunnel
belance-scale measurements, and (2) pressure and temperature measure-
ments obtailned at the exhaust-nozzle outlet (station 8). The thrust
values presented herein were obtained by use of the first method.

Jet thrust was determined from balance-scale measurements by use of
the relation

W
&
%=B+D+Ewi+&(%-p&

Jet thruat was determined from pressure and temperature measurements
obtained at the exhaust-nozzle outlet by use of the relation

78'1
27g Py 78
Fy=yg-1%% | \3) 1% (ms- )

Net thrust was determined from balance-scale measurements by use of
the relation

Wﬁ
Fo=F3-£ Y

Windmilling drag. - Windmilling drag was determined from
balance-gcale measurements by use of the relation

LA .
DW = 7? Vb - FJ

Air flow. - Engine air flow was calculated from pressure and
temperature meesurements obtained at the engine inlet (station 1) by
use of the relation

71‘1

7
=Bl Ay 2dgep <Pl) 1 .

R 6y P,

W,
a Pl

Temperatures, - Engine-inlet and exheust-nozzle-outlet temper-
atures were calculated from the indlcated temperature, using a
thermocouple recovery factor of 0,85, and respectlve values of
pressure, temperature, and ratlio of speciflc heats:

826
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T
£t = i

R o

The equivalent ambient static temperature was determined from
the relatian

T

72'1

Alrspeed. - The alrspeed was determined {(assuming complete ram-
pressure recovery) from the relation

-1
72

P\ 72
VO = ZchptO 55 -1

Flight Mach mumber. - The flight Mach number was determined
(assuming complete ram-pressure recovery) from the equatlion

77t

7
2 Pp\ 2 1
Yo =T | \32 -
2 (o]
REFERENCE
1. Hawkins, W. Kent, and Meyer, Carl IL.: Altitude-Wind-Tummel

Investigation of Operational Cheracteristlics of Westinghouse
X24C-4B Axial-Flow TurbojJet Engine. HKACA RM No. E8J25, 1948.






Flgure .

ki

Iq‘

/

[}

- Installation of turbojet engine in altitude wind tunnsl.

C- 18126
3. 13.47

"ON WY VYI¥N

L TAN ]

Ll






Station 1, Btation 2,
engine coapressor
:_nletl inlst |
ar | HC
ﬂow—‘ - 4 ]

fun

/mm._ J—

inlet
dnot

Btﬂtim 7;
turbine
outlet
Btation 4, Btation S,
compressoy turbine
outlet :I.nle'l;.
i i
l ﬁ‘ b o
Fuel Combrst . Turbine T21l

manifolds ohaxber

Figure 2, ~ Locatlon of instrumentation inatalled in engine.

"ON M VYOVN

egZrs3

61



20 NACA RM No. E8J25ba

Altitude
(£t)

5,000
15,000
25,000
35,000
45,000

q4pOono

2400

2000 7

1600 / ) {

1200

~

Net thrust, Fps 1b

{5
800 / / /|
Ve
AV
0

400 Fav
o
)
2 4 6 8 10 12 14 x10°

Engine speed, N, rpm
(a) Original engine.

Figure 3, ~ Effect of altitude on variation of net thrust with
engine speed, Flight Mach number, 0.25.
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Figure 4, — Effect of altitude on variation of air flow with
engine speed., Flight Mach number, 0.25,
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flow with englne speed, Flight Mach number, 0,25,
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Fuel consumption, We, lb/hr
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Figure 5, — Concluded, Effect of altitude on variation of fuel
consumption with engine speed. Flight Mach number, 0,25,
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Specific fuel consumption based on net thrust, Wf/Fn, 1b/(hr)(1b thrust)
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Figure 6, — Effect of altltude on varlation of specific fusl con-

sumption based on net thrust with engine speed, Flight Mach
number, 0.25, )
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Specific fuel consumption based on net thrust, Wr/Fn, 1b/(hr)(1b thruet)
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Fuel-air ratio, f/a
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Plgure 7, — Effect of altitude on variation of fuel-alr ratio
with engline speed,

Flight Mach number, 0,25,
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Exhaust-nozzle—~outlet total temperature, Tg, °R
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Figure 8, — Effect of altitude on variatlon of exhaust-nozzle-

ocutlet total temperature with engine speed, Plight Mach
number, 0,25,
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Exhaust-nozzle—outlet total temperaturs, Tg, °R

31
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Effect of altitude on variation of
exhaust-nozzle—outlet total temperature with engine speed,

Figure 8, - Concluded.
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Figure 9. — Effect of flight Mach number on variatlon of net

thrust with engine speed. Altitude, 25,000 feet,
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Exhaust-nozzle—outlet total temperature, Tg ,' °Rr
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Figure 8, — Concluded, Effect of altitude on varilation of
exhaust-nozzle—~outlet total temperature with engine speed,

Flight Mach number, 0,25.
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Flgure 9, — Effect of flight Mach number on variation of net
thrust with engine speed. Altltude, 25,000 feet,
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Figure 10, ~ Effect of flight Mach number on variation of alr
flow with engine speed, Altitude. 25,000 feet,
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Figure 11, — Effect of flight Mach number on variation of fuel
consumption with engine speed., Altitude, 25,000 feet,
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Specific fuel consumption based on net thrust, wf/Fn' 1b/(hr)(1b thrust)
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Figure 12, — Effect of flight Mach number on variation of specific

fuel consumption based on net thrust with engine speed,

25,000 feet.
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Specific fuel consumption based on net thrust, We/F 1b/(hr)(1lb thrust)

L e
e L1 L
| 2
2.4 K \ - 1:08
]
ol L
AN :
L
L
l\ \\\ \\
RN
TR
\\
NI
Y2
| S

Engine speed, N, rpm .
(b) ¥odified engine,

Figure 12, —~ Concluded, Effect of flight Mach number on varlation
of specific fuel consumption based on net thrust with engline speed.

Altitude, 25,000 feet,
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Fuel—air ratio, f/a
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Figure 13, — Effect of flight Mach number on variation of fuel-
air ratio with engine speed, Altitude, 25,000 feet,
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Figure 13. — Concluded, Effect of flight Mach number on
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Exhaust-nozzle—outlet total temperature, Tg, °R
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Figure 14, — Effect of flight Mach number on variation of exhaust-nozzle-—
outlet total temperature with engine speed, Altitude, 25,000 feet,
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Speoific fuel consumption based on nat thrust, Wp/F,, 1b/(hr)(1lb thrust)
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Corrected air flow, (W,V8)/6, 1b/sec
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Figure 18, — Effect of altitude on variation of corrected alr
flow with corrected engine speed, Flight Mach number, 0,25,
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Corrected fusl consumption, Wp/(6<8), 1b/hr
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Figure 19, ~ Effect of altitude on variation of corrected fuel consumption
with corrected engine speed. Flight Mach number, 0,25,
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Figure 19, — Concluded, Effect of altitude on variation of corrected fuel
consumption with corrected engine speed. Flight Mach mumber, 0,25,



Corrected specific fuel consumption based on net thrust, We/(F,\®), 1b/(hr)(1b thrust)
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Figure 20, — Effect of altitude on variation of corrected specific
fuel consumption based on net thrust with corrected engine speed,
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Figure 20. — Concluded, Effect of altitude on variation of

corrected specific fuel consumption based on net thrust with

corrected engine speed,
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Corrected fuel-air ratio, (f/a)/6
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Flgure 21, — Effect of altitude on variation of corrected fuel-

Sir ratio with corrected engine speed, TFlight Mach number,
«25,

826



928

NACA RM No. EB8J25a

Corrected fuel-air ratio, (f/a)/6

55

.024
Altitude
£ (£t)

o 5,000

o 15,000

o 25,000
-022 \ A 35,000
.020 % V\

\ / Z/?
.018 \ \€ [/o
£

.016

Y

<

) | //
.014 i\ \\ / f
.012 D\ﬂ \O\\o“\ﬂ/%

D
.010 >\\\\&\“

17
o

.008

TNACA |

4 6

8 10

12

Corrected engine speed, N/\NG, rpm

{(b) Modified engine.

Figure 21, - Concluded,

Mach number, 0,25,

14 x 10°

Effect of altltude on varlation of
corrected fuel—alr ratlio with corrected engine speed, Flight



56

Corrected exhaust—nozzle-outlet total temperature, Te/b, °r
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Figure 22, — Concluded. Effect of altitude on variation of
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corrected engine speed, Flight Mach number, 0,25,



Engine windmilling speed, N, rpm

Windmilling drag, Dy, 1b
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Figure 23, — Varlation of engine windmilling speed and windmilling drag with
airspeed,
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Figure 23, — Concluded, Varlation of engine windmlilling speed snd windmllling
drag with airspeed,



Windmilling drag/met thrust at maximum engine speed, D,/F,
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FPigure 24, — Varliation of ratio of windmilling drag to net thmist at maximum engine speed
with airspsed. Altitude, 25,000 feet,
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